The aim of the Saga Challenge Antihypertensive Study (S-CATS), a single-arm, prospective and multi-center trial, was to evaluate the effectiveness of combined antihypertensive treatment with losartan and hydrochlorothiazide (HCTZ). Enrolled in the study were a total of 161 patients with hypertension, who in spite of treatment with an angiotensin receptor blocker (ARB) alone or an ARB and calcium channel blocker (CCB), had not been able to reach blood pressure control goals set by the Japanese Society of Hypertension Guidelines (JSH 2004). The ARBs were replaced with a combination pill containing losartan (50 mg) and HCTZ (12.5 mg), and this treatment was continued for 3 months. This change in therapy resulted in significant decreases in systolic (158 ± 14 to 137 ± 15 mm Hg, Po0.001) and diastolic (85 ± 11 to 76 ± 10 mm Hg, Po0.001) blood pressure and heart rate (73±3 to 72±3) during the study. The patients' quality of life (QOL) score, the EuroQol 5 dimensions (EQ-5D) and the visual analog scale (VAS) (n¼96; 70.0 (68.8-80.0) to 80.0 (70.0-90.0), Po0.01) all improved significantly. Another QOL score, the hypertension symptom score (HSS), which we originally developed for the S-CATS trial, decreased significantly (n¼93; 4.0 (1.0-9.0) to 2.0 (1.0-8.0), Po0.05). The Pittsburgh sleep quality index (PSQI), which is a psychometric assessment of subjective sleep quality, also decreased significantly (n¼45; 4.0 (2.0-7.0) to 3.0 (2.0-5.0), Po0.05). There was a significant correlation between a change in HSS (baseline value À3-months value) and a decrease in systolic blood pressure (n¼93; R¼0.241, Po0.05). These results suggest that an anti-hypertensive treatment combined with an ARB and a thiazide diuretic may improve patients' QOL, including sleep quality.
INTRODUCTION
Hypertension is a prevalent and often asymptomatic chronic disease. The goal of antihypertensive treatment is to prevent associated complications and improve cardiovascular morbidity and mortality. To achieve these therapeutic goals, the most important issue is the blood pressure-lowering effect of a therapy. In addition, antihypertensive drugs, such as angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs), have been shown to have protective pleiotropic effects in several organs, which may improve patient prognosis. 1, 2 Despite effective medical therapy and evidence-based treatment guidelines for managing high blood pressure, uncontrolled hypertension remains common. 3, 4 Low compliance with antihypertensive medication has been proposed as an important barrier to achieve hypertension control. To maintain treatment compliance or medication adherence, it is essential that patients experience an improvement in their quality of life (QOL) as a consequence of antihypertensive therapy. 5, 6 However, there have been only a few studies that have specifically focused on patients' QOL during antihypertensive therapy.
The Saga Challenge Antihypertensive Study (S-CATS) is a singlearm, prospective and multi-center trial to evaluate the effectiveness of antihypertensive treatment with a combination pill containing losartan and hydrochlorothiazide (HCTZ). In this trial, we specifically focused on the effect of the losartan/HCTZ treatment on the patients' QOL.
METHODS

Study design
Local physicians and general practitioners at 12 hospitals and 30 clinics in Saga Prefecture, Japan participated in the S-CATS trial. Outpatients with hyperten-sion were enrolled in this trial if, in spite of treatment with either an angiotensin receptor blocker (ARB) alone or combined therapy with an ARB and calcium channel blocker (CCB), their blood pressure control had not reached the goals set by the Japanese Society of Hypertension Guidelines (JSH 2004) . Exclusion criteria included serious cardiac, cerebrovascular, hepatic or renal complications. Exclusion criteria did not include serum levels of K and creatinine. This study was approved by the ethical review board at Saga University Hospital.
In the treatment regimes of all the recruited patients, the ARBs were replaced with a losartan (50 mg)/HCTZ (12.5 mg) combination pill. This treatment was continued for an additional 3 months using the targets included in the 2004 JSH guidelines as the therapeutic goal.
Measurement of blood pressure
Measurements of blood pressure and heart rate were recorded in duplicate at each clinic visit and 24 ± 4 h after the previous administration of the study medication. The recordings were obtained after the patients had rested in a seated position for 5 min, at an interval of at least 1 min. At each visit, which occurred in the morning, office blood pressures were measured to the nearest 2 mm Hg in the same arm, using a mercury sphygmomanometer and an appropriately sized cuff. Home blood pressure measurement was recommended for participants using the upper-arm cuff device. Morning home blood pressure was measured twice with the subject with 3 min rest intervals: within 1 h after waking, after 1-2 min of rest following micturation, and before taking any antihypertensive drugs or eating breakfast. Just before going to bed, and again after 1-2 min of rest in a sitting position, evening home blood pressure was measured. The measurements of the home blood pressures were averaged over 7 days just before the hospital visit.
Assessment of quality of life
In the S-CATS trial, we specifically focused on the patients' QOL, using the EuroQol 5 dimensions (EQ-5D) score, the EuroQol visual analog scale (EQ-VAS), the hypertension symptom score (HSS) and the Pittsburgh sleep quality index (PSQI). The EQ-5D is a generic instrument for measuring health-related QOL, which has been developed and validated in a number of European countries. 7, 8 The EQ-5D evaluates five dimensions of health status: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each dimension has three levels of assessment that include 'no problems' , 'some problems' or 'severe problems' . This instrument yields 243 potential combinations of health states across the five dimensions. Dolan et al. 9 Frequency Figure 1 Calculation method of the hypertension symptom score (HSS). The HSS is a method for estimating patients' QOL, which we originally developed for the S-CATS trial. Each of the 10 listed hypertension-related symptoms was rated 0-4, for a five-grade scoring system. The HSS was calculated as the sum of each score for the 10 symptoms. Lower scores indicate better health, with a score of 40 being the worst and 0 being the best. health states in a representative sample of the United Kingdom's general population, using the time trade-off (TTO) method. 10 Based on these evaluations, utility scores can be deduced using an additive function. Utility scores may vary between À0.59 (worst health) and 1.00 (perfect health). In addition to the five dimensions, the EuroQol consists of an EQ-VAS ranging from 0 (worst imaginable health state) to 100 (best imaginable health state). 11 The HSS is a method of estimating patients' QOL, which we originally developed for the S-CATS trial. This score is calculated as the sum of scores (grades 1-5) of 10 hypertension-related symptoms ( Figure 1 ). The PSQI is a self-administered questionnaire to assess subjective sleep quality during the previous month. 12 The self-rated items of the PSQI generate seven component scores (range of subscale scores, 0-3) on sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping medications and daytime dysfunction. The sum of these seven component scores yields one global score of subjective sleep quality (range of scores, 0-21), with higher scores representing poorer subjective sleep quality. The psychometric properties of the PSQI have been confirmed in previous studies. 12, 13 
Data analysis
The data were collected before (baseline) and 3 months after the replacement of ARBs with the losartan/HCTZ combination pill therapy. The values were expressed as mean±s.d. for parametric data and as median value and interquartile range for non-parametric data. The statistical analyses were performed using the paired t-test for parametric data and the Wilcoxon rank-sum test for non-parametric data. The correlation between the two variables was examined using the Spearman rank correlation coefficient. A Pvalue o0.05 was considered to be statistically significant.
RESULTS
We analyzed the data from 161 patients (72 men and 89 women, aged 70 ± 11 yrs) who were followed during the 3-month observation period. The characteristics of these patients are summarized in Table 1 . There were no major adverse effects in this study. The baseline antihypertensive medications that the patients had been taking before . Home blood pressures also decreased significantly in 33 patients for whom the data were obtained both at baseline and 3 months after treatment with the combination pill (right).
indicates systolic blood pressure, J indicates diastolic blood pressure (b) The guideline achievement rate shows the responders' blood pressure-lowering characteristics compared with those of the non-responders after changing the medication. CKD, chronic kidney disease; DM, diabetes mellitus.
Antihypertensive treatment for improvement of QOL A Kamura et al the medication exchange were ARBs alone in 72 patients (45%) and ARBs with CCBs in 89 patients (55%). The baseline ARBs were losartan in 31 patients (19%), candesartan in 53 (33%), valsartan in 35 (22%), telmisartan in 24 (15%) and olmesartan in 18 (11%) ( Table 2 ). During the 3-month observation period, office blood pressure decreased significantly (systolic 158±14 to 137±15 mm Hg, Po0.001; diastolic 85 ± 11 to 76 ± 10 mm Hg, Po0.001) (Figure 2a , left), and heart rate did not change significantly (73 ± 3 to 72 ± 3). Home blood pressure also decreased significantly (systolic 155±21 to 135±15 mm Hg, Po0.001; diastolic 84±13 to 78±11 mm Hg, Po0.001) (Figure 2a, right) . As the result of adhering to the guidelines of the Japanese Society of Hypertension, there were difficulties in using the drug combination to treat the patients with complications of diabetic mellitus and chronic kidney disease (Figure 2b) . The blood pressure-lowering effect was similar between the patients taking ARBs alone and those taking ARBs with CCBs as the baseline medications ( Figure 3 ). In addition, the blood pressure-lowering effect was independent of the differences in baseline ARBs (Figure 4 ). Changes in blood biochemistry profiles are shown in Table 1 . Significant increases in serum levels of blood urea nitrogen (16.7 ± 4.1 to 18.7 ± 5.1 mg dl -1 , Po0.001), uric acid (5.2 ± 1.4 to 5.5±1.4 mg dl -1 , Po0.01) and creatinine (0.77±0.22 to 0.81 ± 0.24 mg dl -1 , Po0.001) were evident during the observation period. Estimated glomerular filtration rate (eGFR) was calculated in 96 patients according to the Japanese Society of Nephrology Chronic Kidney Disease Practice Guide, and it was shown to decrease significantly from 70.9 ± 19.3 to 66.7 ± 17.5 ml min -1 1.73 m -2 (Po0.001). Of these 96 patients, 77 patients with an eGFRX50 mlmin -1 1.73 m -2 showed a significant decrease (76.9 ± 12.8 to 71.7 ± 12.2, Po0.001). In the remaining 19 patients with an eGFRo50 ml min -1 1.73 m -2 , the eGFR value did not change significantly (46.7±8.6 to 46.4±10.7). Serum chloride and potassium levels decreased significantly (104 ± 3 to 103 ± 3 mEq l -1 , Po0.001, 4.2 ± 0.4 to 4.1±0.4 mEq l -1 , Po0.01, respectively).
The EQ-5D index values analyzed in 95 patients increased significantly during the study from 1.00 (0.71-1.00) to 1.00 (0.76-1.00) (Po0.01). Of these 95 patients, 20 patients with an EQ-5Do0.7 showed a significant increase from 0.65 (0.59-0.69) to 0.67 (0.62-0.76) (Po0.05). The score did not change significantly in the remaining 75 patients with an EQ-5DX0.7 (1.00 (0.77-1.00) to 1.00 (1.00-1.00)). The VAS analyzed in 96 patients increased significantly (Table 3) . Finally, the HSS analyzed in 93 patients decreased significantly (4.0 (1.0-9.0) to 2.0 (1.0-8.0), Po0.05) (Figure 5a ). In these 93 patients, the change in HSS (the baseline value minus the 3-month value) correlated with systolic blood pressure (R¼0.241, P¼0.0195) (Figure 5b ).
DISCUSSION
In this study of hypertensive patients, the replacement of an ARB with a combination pill containing losartan and HCTZ achieved a mean reduction in systolic blood pressure of 21 mm Hg and in diastolic blood pressure of 9 mm Hg. In addition, all the QOL scores we Losartan (29) Candesartan (55) Valsartan (36) Telmisartan (24) Olmesartan (17) Figure 4 Comparison of blood pressure-lowering effects among the patient groups for each of baseline ARBs. The effects were similar among the groups. measured in the study (that is EQ-5D, VAS, HSS and PSQI) improved after treatment with the losartan/HCTZ combination pill. Patients seen in primary care settings often present with unspecific symptoms irrespective of the underlying medical problem. Many of these symptoms are non-specific. Patients with hypertension frequently report symptoms that are also reported by normotensive patients. 14 Hypertension is usually described as asymptomatic in the absence of significant target organ damage and concomitant disease, although cognitive changes, mood alterations and general symptoms, such as dizziness and headache, have been described. [15] [16] [17] [18] [19] Some symptoms are unique to the effects of antihypertensive drugs, whereas others overlap with symptoms described as or attributed to the hypertensive disease itself or are inseparable from those observed throughout the primary care population. 14 The ultimate goal of antihypertensive treatment is the reduction of cardiovascular mortality and morbidity. To achieve this goal, treatment compliance and medication adherence need to be maintained. If patients taking antihypertensive drugs do not feel a reduction in symptoms, it is unlikely that they will comply or adhere to the treatment. Symptoms, whether disease-or treatment-induced, may impair the health-related QOL of patients. QOL refers to the physical, emotional and social impact of a disease and its treatments 20, 21 and is distinct from the physiological measures of disease. [20] [21] [22] [23] Estimation of QOL may assess the impact of a disease and its treatment from a patient's perspective to a greater extent than it assesses conventional clinical symptoms. To estimate the patients' QOL, several scoring systems in the form of questionnaires on various health-related factors have been developed and validated. The EQ-5D is commonly used to measure health-related QOL and has been shown to be responsive, internally consistent and reliable in the normal population and other patient groups. 9, 10 The VAS is also used to measure health-related QOL. Although it is not as sensitive as other measures, the VAS does have considerable merit because of its ease of application, which makes the collection of panel data feasible. 11 To date, there have been no reports that have specifically evaluated EQ-5D or VAS in the treatment of hypertension. However, another method for evaluating QOL, the 36-item Short Form questionnaire (SF-36), has been used in hypertensive patient populations. Because all these QOL scores represent health-related evaluations, we used our original QOL score from the HSS questionnaire in the present study. This questionnaire focuses on comparatively specific hypertension-related symptoms, calculated as the sum of five graded scores of 10 symptoms. We showed that the HSS score, as well as the EQ-5D and VAS scores, decreased after exchanging ARBs for the combination pill. In addition, the change in HSS score correlated significantly with the decrease in systolic blood pressure. Taken together, these results indicate that lowering blood pressure may improve QOL. We also evaluated sleep quality with the PSQI during the course of treatment with the combination pill. This measurement showed that blood pressure lowering was associated with improved sleep quality, as shown by a decrease in PSQI. Sleep quality is one of the most important factors contributing to QOL. It has been reported that the prevalence of hypertension in subjects who are 'poor sleepers' is 87.1% compared with 35.1% in 'good sleepers' . 24 The increasing interest in the association between sleep disorders and significant comorbidities, including hypertension and glucose metabolism disorders, suggests that studies screening for cardiovascular risk should include an evaluation of sleep quality with questionnaires such as the PSQI. In this regard, our results indicate that the reduction in blood pressure caused by combined losartan /HCTZ treatment may lead to improvements in cardiovascular mortality and morbidity, partially as a consequence of improved sleep quality.
The results of our study also showed that the levels of blood urea nitrogen, uric acid and creatinine increased, whereas eGFR decreased during the 3 months of observation. These results may have been caused by transient decreases in intraglomerular pressure and a subsequent reduction in glomerular filtration, due to the blood pressure-lowering effect of the losartan/HCTZ combination pill. The changes observed in these renal function parameters, however, were within the normal range. In addition, decreases in eGFR were observed only in patients with a normal eGFR (X50 ml min -1 1.73 m -2 ), whereas eGFR remained unchanged in patients with a low eGFR (o50 ml min -1 1.73 m -2 ). These findings indicate that there are no safety problems associated with the use of the losartan/HCTZ combination pill. Simultaneous decreases in chloride and potassium levels, possibly caused by the effects of HCTZ, were also within the normal range. In this study, blood examination revealed increases in the plasma uric acid levels after 3 months. This increase might have been induced by the administration of HCTZ.
Potential limitations/clinical implications
The major limitation of the S-CATS study was an uncontrolled design involving a single-arm treatment in a relatively small number of patients. It is possible that confounding factors affected the present results. Therefore, we need to perform a two-armed randomized study in the future.
Our study included a limited number of patients because we could not obtain the informed consent from all the patients based on the QOL assessment. However, only practitioners of the Saga Medical Association performed this study and similar efforts by practitioners worldwide would be expected to result in improvements in cardiovascular morbidity and mortality among patients with hypertension. We therefore consider it essential that practitioners who are not specialists in the treatment of hypertension recognize the importance of adequately relieving patients' symptoms, thereby improving QOL and maintaining treatment compliance and medication adherence. On the basis of our results, we envisage that antihypertensive treatment with the losartan/HCTZ combination pill may result in a better longterm prognosis for patients with hypertension, partially as a consequence of improved QOL. In addition, we propose that the evaluation of QOL, including sleep quality, would be useful in the management of hypertension.
